
B lake McKinney owned sev- 
eral acres of beautiful deep 
forest wilderness along a 
fast-moving year-round 
fishing stream that was perfect for a 
planned weekend retreat. Mr. 
McKinney, an attorney in western 
Virginia, had purchased this property 
located along the Virginia-Tennessee 
border with the hope of building a 
small weekend cabin his family and 
friends could use away from the city. 

He found the perfect plans for a 
900-square foot, two-story lodge with 
a large open deck that would extend 
right up to the water’s edge. The 
cathedral ceiling living room with 
large wood-burning fireplace would 


become their entertainment center. 
Although the kitchen, dining area, 
two bathrooms, and three bedrooms 
were kept relatively small to stay 
within the small building footprint, 
they would still provide separation 
and privacy for friends and family 
wanting to ‘Tough it.” 

Building on a rocky valley floor 
along this ancient creek bed would 
not allow digging a basement, but the 
desire to keep above the level of low- 
land flooding resulted in building the 
first floor above a five-foot high 
crawl space. Although not high 
enough to stand up in, the added con- 
crete floor and access door provide a 


good dry storage area for all that fish- 
ing gear. 

The McKinney family wanted to 
keep the rustic feel of the original for- 
est, so the house site was selected to 
avoid cutting any large trees, and the 
undisturbed heavy ground cover of 
pine needles assured that Blake 
would not be doing any yard work. 
As all good intentions go, however, 
there was a very big problem with 
this plan, which is what got me 
involved in the story. 

Their property was one of the many 
old homesteads that became “land 
islands” years ago when the National 
Forests were created around them, so 
now the thousands of acres of 
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Rear deck steps lead down to the water’s edge. 


restricted public land use has effec- 
tively blocked all utility line access. 
Thi s would mean no all-electric 
kitchen, no central HVAC system, no 
major appliances, and no video 
games. When I first met Blake, the 
cabin was almost completed on the 
outside, but the electrician had 
stopped all work since there was no 
utility power for him to connect. 

Selecting a system 

Anything can be powered by the 
sun in my work, but when I visited 
the site for the first time it was obvi- 
ous the location at the base of a high 
mountain range blocking the south 
exposure and nestled among extreme- 
ly tall pine trees told me any serious 
solar power system was out of the 
question. It was determined that a 
generator would be required, but 
nobody wanted to hear one operating 
constantly all weekend. 

We decided the best solution would 
be a hybrid power system, having all 
120-Volt AC appliances powered 
from a Trace 4 kW sine wave invert- 


er, with the inverter connected to 12 
industrial L-16 size batteries wired in 
series-parallel to provide a 24-volt 
DC output. 

An insulated plywood battery 
enclosure was built around the battery 
bank in the crawl space that includes 
an outside vent pipe to 
exhaust any battery 
gasses generated during 
the charging process. We 
selected an 8.5 kW 
Kohler 1,800-RPM 
propane fueled generator 
to charge the batteries, 
and a large underground 
propane tank would pro- 
vide months of mainte- 
nance free fuel. It was 
possible to use a smaller 
generator, but the higher 
amperage capacity of this 
generator provides faster 
battery charging and 
longer quiet time 
between charging. 

The south-facing roof 
only had enough unshad- 


ed area for a small 150- watt solar 
array, barely enough to offset the bat- 
tery bank’s self-discharging during 
weeks of un-occupancy. The limited 
sun hours each day would be partially 
offset by the many days between 
cabin occupancy. 

Blake and I agreed that for this con- 
cept to work, he must purchase the 
most energy saving lights, appliances, 
and HVAC systems available; other- 
wise, his generator would need to run 
continuously. Although I designed the 
home’s power system and supplied all 
of this equipment, a local electrician 
provided the actual equipment instal- 
lation and wiring. After the installa- 
tion was finished, we provided the 
system startup service and pro- 
grammed the inverter to maximize 
the generator powered battery charg- 
ing process. 

Selecting appliances 

All lighting installed was compact 
fluorescent and T-8 tube high effi- 
ciency fixtures with full-color spec- 
trum lamps. Realizing that the invert- 
er would shut down anytime the bat- 
tery voltage dropped too low during 
these long unattended periods, we 
decided to install a few 24-volt DC 



Inverter power system mounted 
on the back wall of the battery box 
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Pad-mounted Electric Start Kohler 
8.5 kW propane generator 


lighting fixtures at key locations 
including stairwells, corridors, and 
over the system control panel. This 
would provide basic lighting until the 
generator was restarted to bring the 
cabin back to life. Nobody wanted to 
have television or video equipment 
during these get-away weekends, and 
the cool deep woods guaranteed air 
conditioning would not be needed. 
The large fireplace would provide all 
required heating, but hot showers and 
a fully functioning kitchen would be 
mandatory. 

We decided the long unoccupied 
periods would make a conventional 
hot water heater impractical even if it 
was supplied from the large under- 
ground propane tank for the genera- 



AquaStar instantaneous 
domestic hot water 


tor, so we installed an AquaStar 
instantaneous propane hot water 
heater. This 125,000 BTU hot water 
heater can heat a continuous 2 
gal/min flow of 50-degree ground 
water without any storage tank 
instantly up to 140 degrees for as 
long as you keep the faucet open, and 
will still shut-off the instant the water 
flow stops. I have seen this same unit 


supplying scalding 
water for two 
simultaneous 
showers in the 
dead of winter. 

We had intended 
to utilize this water 
heater to also heat 
a small piping loop 
of baseboard hot 
water radiation 
around the perime- 
ter walls of the 
ground floor 
rooms, but decided 
the potential for 
pipe freezing dur- 
ing long periods of 
unoccupancy was 
too risky. Since the 
large fireplace 
would provide the 
serious heating during occupancy, it 
was decided to install a small in-wall 
forced air propane heater which 
included a small supply duct down 
under the floor to also heat the water 
piping and storage battery areas. 

Although intended to operate only 
long enough to take the initial chill 
off the cabin until a fire could be 
started in the fireplace, a low limit 
thermostat allows the heater to re- 
start if near freezing temperatures are 
reached inside the cabin or around the 
heavily insulated battery box in the 
crawl space. 

Now that these lighting, heating, 
and hot water issues had been 
resolved, it was time to tackle the 
kitchen. A modern four-burner gas 
stove and oven was ordered with 
older design pilot lights instead of 
complex electronic controls and high- 
energy usage electric glow plugs. 
This would solve the cooking issue 

Now for the refrigerator. Since they 
will bring the refrigerated foods and 
drinks needed each weekend, keeping 
lots of foods cold for long periods 
was not necessary. We also realized 
the refrigerator would be the largest 
energy using appliance in the cabin 


and we didn’t want to operate the 
generator during weeks of un-occu- 
pancy just to keep a few things cold. 
We decided to install a 24-volt DC 
Sunfrost 12 cu. ft. refrigerator freezer. 

This is the most energy efficient 
refrigerator made and its heavily 
insulated walls insure the small dual 
compressors will operate much less 



Sunfrost 24-volt DC refrigerator 
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NOTE— ALL WIRING, WIRE SIZES, AND INSTALLATION 
TO BE PER NATIONAL ELECTRIC CODE 



8.5 kW PROPANE GENERATOR 
WIRED FOR FULL OUTPUT AT 
120 VOLT AC 
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Wiring diagram 


than a conventional refrigerator. We 
chose this DC model since it could be 
powered directly from the 24-volt 
battery bank, avoiding the need to 
operate the inverter with its associat- 
ed standby losses during long periods 
of unoccupancy. 

Controlling the system 

The final issue was to decide how 
this system would be controlled, 
since the intent was to provide a 
home away from home without 
spending the weekend servicing com- 
plex electrical equipment. A remote 
system monitor and inverter control 
panel were installed near the front 
door. This control system is capable 
of fully automatic operation of the 
generator and the battery charging 
process; however, it was decided to 
not operate the generator in automatic 
mode when the cabin is not occupied 
since any generator starting problem 
would not be observed and could 
damage the generator. 

Upon first arrival, a check of the 
display panel may show the solar 


maintained batteries are still low and 
in need of charging. By manually 
pressing a button on this display 
panel, the generator is started and the 
inverter comes to life putting as much 
charge as possible back into the bat- 
teries. Since it will take this generator 
about three hours to fully recharge 
the batteries, this is the best time to 
operate any high-energy usage appli- 
ances like the warm up gas furnace, 
kitchen appliances, or power tools 
directly from the generator. By night- 
fall the batteries will be recharged 
and the inverter will shut down the 
generator for a nice quiet evening. 

Depending on how long the cabin 
was unoccupied and the current 
weather conditions, it may be possi- 
ble to go through the entire weekend 
without restarting the generator. 
However, it is a good practice to 
bring the batteries back to full charge 
just before “check out” time. 
Hopefully, with enough sun, the 
small solar array will offset the stand- 
by battery losses and the electrical 


usage of the DC refrigerator until the 
next weekend or holiday visit. 

More and more people are buying 
rural property to have a retreat from 
city life, but still want the comfort 
and labor saving conveniences of 
modern appliances. If you are buying 
property in an area not served by util- 
ity lines, perhaps a hybrid solar-gen- 
erator-battery power system will fit 
your needs too. 

(Jeff Yago’s latest text titled, Achieving 
Energy Independence — One Step At A Time , 
provides a very good introduction to off-grid 
living and battery based power systems. It is 
available from the Backwoods Home 
Magazine’s Bookstore or by calling 804-784- 
0063. The off grid power and solar equip- 
ment described in this article are available 
from Dunimis Technology Inc. at 
www.pvforyou.com or by calling 804-784- 
0063.) A 


Backwoods Home Magazine 
is planning to feature reader 
submitted photos of their 
recently completed off-grid 
solar homes and weekend 
retreats in upcoming issues. 
If you have a unique solar 
thermal or solar photovoltaic 
application and would like to 
share it with others, please 
submit color photos and a 
brief description of your sys- 
tem and how it works. Submit 
your entries to Editor, BHM, 
P.O. Box 712, Gold Beach, OR 
97444. One entry will be 
selected each issue and will 
receive a $100 gift certificate 
to our bookstore. 

We would also like to 
announce a new Solar Energy 
Questions area that will be 
added to our Letters to the 
Editor page. We will provide 
answers to both general and 
specific application questions 
related to your planned solar 
system, solar equipment 
selection, and troubleshooting 
problems with existing solar 
systems. Send your questions 
to P.O. Box 712, Gold Beach, 
OR 97444. 
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